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1

BOOSTED RETURN TIME FOR FAST CHIRP
PLL AND CALIBRATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority under 35 U.S.C. § 119
of European Patent application no. 18305686.0, filed on 06
Jun. 2018, the contents of which are incorporated by refer-
ence herein.

FIELD

This disclosure relates generally to advanced radar sys-
tems, and more specifically to fast modulations schemes for
a chirp radar while maintaining low phase noise.

BACKGROUND

Next generation radar systems, in particular imaging
radar, require the use of ultra-fast chirp modulation to
increase radar resolution and at the same time a very low
transmitter phase noise to improve target detection. In a
radar transceiver, the modulation 1s normally generated
using a frequency synthesizer, or a Phased Locked Loop
(PLL), associated with 1ts digital control. To filter out noise
contributions from PLL elements (e.g., Voltage Controlled
Oscillators, Reterences, and Crystal Controlled Oscillators),

the PLL bandwidth 1s usually set to a relatively low value
(c¢.g., hundreds of kHz). However, a PLL with limited
bandwidth 1s not compatible with a requirement for an
advanced radar system’s ramp linearity, especially when
using very fast chirp modulation schemes.

In one modulation scheme a waveform frequency 1s
ramped between two values during a “chirp” phase, and then
returned to the starting frequency during an inter-chirp or
“return” phase. During the relatively fast return phase, a
phase jump occurs. This jump results 1n a frequency over-
shoot, (or even a PLL unlock), causing linearity issues
during the chirp, which corrupts radar signal integrity.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s illustrated by way of example
and 1s not limited by the accompanying figures, 1n which like
references indicate similar elements. Elements 1n the figures
are 1llustrated for simplicity and clarity and have not nec-
essarily been drawn to scale.

FIG. 1 1s a functional block view of a PLL for generating
a radar chirp.

FI1G. 2 1s a graphical view of a chirp wavetorm of FIG. 1
showing 1deal and actual characteristics.

FIG. 3 1s a functional block view of a fast churp PLL in
accordance with an embodiment of the present disclosure.

FIG. 4 1s a schematic view of a fast chirp PLL in
accordance with an embodiment of the present disclosure.

FIG. 5 1s a graphical view of wavetorms according to the
PLL of FIG. 3.

FIG. 6 1s a graphical view of a Frequency Modulated
Continuous Wavelorm (FMCW) according to FIG. 3 with-
out supplying boost current to a filter.

FI1G. 7 1s a graphical view of a FMCW according to FIG.
3 with boost current supplied to the filter.

FIG. 8 1s a flowchart representation of a method for
boosting return time for a fast churp PLL 1n accordance with
an embodiment of the present disclosure.
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FIG. 9 1s a flowchart representation of a method for
boosting return time for a fast chirp PLL 1n accordance with
an embodiment of the present disclosure.

DETAILED DESCRIPTION

Embodiments of systems and methods described herein
provide for a fast return phase of a Frequency Modulated
Continuous Wavetorm (FMCW) of a radar transceiver with-
out the undesirable eflects of frequency overshoot, or a
reduction 1n linearity. For example, 1n a second order analog
PLL, a PLL phase 1s settled to a constant value proportional
to the slope of the frequency during the chirp phase. Sub-
sequently, during the faster return phase, the PLL phase 1s
moved away from the value required during the chirp. This
phase jump results 1n a frequency overshoot, (or even PLL
unlock), and causes a linearity 1ssue during a subsequent
chirp, as well as distorting the return phase.

By determining a proper boost current during a calibration
phase and applying the boost current directly to the PLL
filter stage, returning the FMCW to a start frequency 1is
accomplished 1n a more controlled and expeditious manner
with minimal, 11 any, current required by a charge pump.
Accordingly, a gain of the charge pump, and the PLL loop
in general, 1s reduced to a level sutlicient for the relatively
slower chirp phase, and to a level where typical noise
sources are suiliciently attenuated.

A boost current 1s determined that 1s proportional to a
slope of the return phase, and iversely proportional to the
Voltage Controlled Oscillator (VCO) gaim. In various
embodiments, the boost current i1s injected into various
stages of the filter to further improve PLL settling time and
a reduction of frequency overshoot. Furthermore, 1n various
embodiments, the calibration phase occurs during a return
phase at PLL startup, or other unused portion of the FMCW
outside of the chirp phase. Accordingly, the calibration does
not impose any design restrictions regarding noise or power
consumption for components that are only active during the
chirp phase.

FIG. 1 shows an embodiment 10 of PLL for generating a
radar chirp. The embodiment 10 includes a VCO 12 {for
generating a VCO frequency (F,.,) 14. The VCO fre-
quency 14 1s divided by a frequency divider 16 to generate
a divided frequency 18. A reference frequency circuit 20
generates a reference frequency 22. In one embodiment, the
reference frequency circuit 20 includes a crystal oscillator
followed by a bufler. In another embodiment, the crystal
oscillator 1s replaced with a digital wavelform generator.

A phase Ifrequency detector 24 compares the divided
frequency 18 with the reference frequency 22 to determine
a difference 26. In one embodiment, the difference 26 1s a
pulse width proportional to a phase difference between the
divided frequency 18 and the reference frequency 22. A
charge pump 28 generates a charge pump voltage 30 1n
response to the difference 26. A low pass filter 32 generates
a filtered output voltage 34 based on the charge pump
voltage 30. The VCO 12 generates the VCO frequency 14
based on the filtered output voltage 34. A digital controller
36 generates control signals 38 to change a division ratio of
the frequency divider 16. For example, 11 the division ratio
1s ten, the VCO frequency 14 will be generated to have a
frequency ten times greater than the reference frequency 22.
In one example embodiment, the frequency divider 16 1s a
cascaded series of D-flip flops, configured to divide the VCO
frequency 14 by binary multiples.

FIG. 2 1s a graphical view comparing an 1deal FMCW 40
to an actual FMCW 42 where the frequency overshoot and
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linearity are poorly controlled by the embodiment 10 of FIG.
1. The ideal FMCW 40 spans a frequency range from a stop
frequency (F1) 44 to a start frequency 46. The FMCW
wavetorms 40 and 42 consist of a Time Ramp Slope Return
(T, Or “return phase™) 50, a start frequency time (T1) 52,
a Time Ramp Slope Data (1., or “chirp phase™) 34, and a
stop frequency time (12) 56. In the embodiment shown 1n
FIG. 2, the actual FMCW 42 exhibits a frequency overshoot
58 and due to poor linearity only returns to a start frequency

(F2') 60, thus reducing the available chirp time during chirp
phase 54.

Turning now to FIG. 3 with continued reference to FIG.
1, an improved embodiment 70 1s described. The embodi-
ment 70 1includes a low pass filter 72 configured to receive
a boost current, described 1n further detail in FIG. 4. The low
pass filter 72 generates a filtered output voltage 74, which
controls the VCO 12 and 1s measured by a measurement
circuit 76 to generate a measured value 78. In one embodi-

ment, the measurement circuit 76 determines the measured
value 78 during a startup phase of the PLL. In another
embodiment, the measurement circuit 76 stores the mea-
sured value 78 1n a register of a fast return calibration circuit
80, included 1n the digital controller 82. In another embodi-
ment, the measured value 78 i1s calculated periodically, to
improve accuracy due to component drift and aging.

The fast return calibration circuit 80 generates a calibra-
tion current control signal provided to the boost circuit 86
through a connection 84. In one embodiment, the calibration
current 1s determined during a calibration, and in response to
the measurement circuit 76. The boost circuit 86 supplies the
calibration current over a connection 88 to the low pass filter
72, during the calibration. Following a calibration of the
embodiment 70, the digital controller 82 generates a set of
boost current control signals provided to the boost circuit 86
through a connection 94. Following calibration, the boost
circuit 86 supplies the boost current to the low pass filter 72
through a connection 98.

FIG. 4, with reference to FIG. 3, shows additional detail
of an embodiment 100 where the connections 88 and 98 of
FIG. 3 are combined to carry either the calibration current or
the boost current. The embodiment 100 includes a VCO 102
configured to generate an FMCW 104. A phase frequency
detector 106 provides a charge pump 108 a pair of difler-
ential difference signals 120 and 122 that measure a phase
difference between a reference frequency and a divided
FMCW 104. The differential signals 120 and 122 enable a
respective current source 124 and 126, connected 1n series
between a supply rail 130 and a ground 132, to provide a
respective positive or negative pulse for the charge pump
voltage 134.

The embodiment 100 shows a configuration of resistive
and capacitive elements to provide low pass filtering. It
should be understood that other numbers and arrangements
of components also provide low pass filtering appropriate to
the design goals (e.g., bandwidth, and response time), of the
PLL. A first resistor 140 1s connected between two external
pins 142 and 144. A first capacitor 146 1s connected between
the external pin 144 and the ground 132. In the embodiment
100, the first resistor 140 and the first capacitor 146 are
external to an integrated PLL due to their physical size.

A second capacitor 150 1s connected between the charge
pump voltage 134 and the ground 132. A second resistor 152
1s connected between a node 154 and the ground 132. A third
capacitor 1.56 1s connected between the node 154 and the
ground 132. A third resistor 158 1s connected between the
filtered output voltage 160 and the node 154. A {fourth
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capacitor 162 1s connected between the filtered output
voltage 160 and the ground 132.

A group of boost related circuits 170 includes a boost
circuit 172, receiving a boost current control signal or Ramp
Slope Return control signal (I,..) 178 and a calibration
current control signal (I.~,;) 176. The boost circuit 172
supplies the calibration current control signal to the node
174 during calibration (e.g., during a startup phase of the
PLL), and supplies the boost current control signal to the
node 174 during a return phase. The control signals from the
boost circuit 172 control current sources 190, 192, 194 and
196, which supply current to respective capacitors 146, 150,
156 and 162. In other embodiments, the calibration tech-
niques described herein are applied to different loop filter
configurations. For example, the loop filter 1s fully inte-
grated with the other circuits shown 1n FIG. 3, or the loop
filter 1s external to a monolithic substrate including the other
circuits or FIG. 3, or the loop filter 1s integrated as a
multi-chip module or hybrid with the other circuits of FIG.
3. In other embodiments, the PLL includes the charge pump
and loop filter with a diflerent type and/or order than shown
in FIG. 3, wherein the PLL bandwidth and chirp ramp slope
are not correlated.

FIG. 5 shows various operational wavetorms, for the
embodiment 70 of FIG. 3. The FMCW 200 transitions
between a start frequency 202 and a stop frequency 204. The
FMCW 200 includes a return phase (T,p.») 300, a start
frequency time (T1) 302, a chirp phase (T,.,) 304 and an
end frequency time (12) 306. In various embodiments,
during the operation of the PLL producing the FMCW 200,
the charge pump current (I.,) 310 1s maintained at a
constant level above zero 312. The boost current (1,.,) 314
1s activated during the return phase 300 to allow rapid
recovery of the FMCW {from the stop frequency 204 to the
start frequency 202 without changing the charge pump
current. The operational wavetorms of FIG. 5 show a
down-chirp FMCW, where the start frequency 202 1s greater
than the stop frequency 204. In other embodiments, an
up-chirp FMCW 1s used, where the start frequency 202 1s
less than the stop frequency 204. In other embodiments, the
FMCW chirp has a non-linear shape during the chirp time
304 (e.g., a Frequency Shiit Key (FSK) FMCW chirp).

FIG. 6 and FIG. 7 compare experimental results with and
without the use of the boosted return compensation for the
low pass filter of the PLL. Specifically, FIG. 6 shows au
ideal FMCW 320 during the return phase 300, the stall
frequency time 302 and the chirp phase :304. A traditional
FMCW 322 shows poor linearity during the return phase 300
as well as a significant frequency overshoot that extends
well mto the start frequency time 302. In contrast, FIG. 7
shows an FMCW 332 closely tracking the ideal FMCW 320
when boost current compensation 1s applied to the low pass
filter of the PLL.

FIG. 8 shows a method for boosting return time for a fast
chirp PLL. With reference to FIG. 3, FIG. § and FIG. 8, at
340, an FMCW 14 1s generated with a VCO 12. At 342, the
FMCW 14 1s divided with a frequency divider 16. At 344,
a charge pump voltage 30 1s generated 1n response to a
difference 26 between a reference wavelorm 22 and a
divided FMCW 18. At 346, the charge pump voltage 30 is
filtered with a filter 72. At 348, the frequency divider 16 1s
modified with a digital controller 82, to generate a chirp
phase 304 and a return phase 300. At 350, a boost current 98
1s supplied to the filter 72 with a boost circuit 86, during the
return phase 300.

FIG. 9 shows a method for boosting return time for a fast
churp PLL, wherein a boost current supplied during a return
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phase 1s a function of a predetermined current value during
a calibration phase. With reference to FIG. 3, FIG. § and
FIG. 9, at 360, 1n one example embodiment, values for Fstart
202, Fstop 204, T,.» 300 and T, ., 304 are set 1n a register
included 1n the fast return calibration circuit 80. In another
embodiment, these values are written into the fast return
calibration circuit 80 through a serial port interface (SPI). In
another embodiment, these values are written into the digital
controller 82, and are accessible to the fast return calibration
circuit 80. In one embodiment, a counter (CNT_VAL) for a
number of clock cycles 1s also cleared, or set to zero at 360.
In other embodiments, the counter 1s cleared 1n one of 362,
364, 366 and 368. At 362, the PLL frequency (e.g., FMCW)
14 1s set to Fstart 202. At 364, the filtered output voltage 74
1s measured by the measurement circuit 76 to determine
Vstart. At 366. The PLL frequency 14 1s set to Fstop 204 by
appropriate selection of the division ratio in the frequency
divider 16. At 366, the filtered output voltage 74 1s measured
again with the measurement circuit 76 to determine Vstop.
At 368, the charge pump 28 1s disabled.

At 370, a calibration current (I~ ,,) 88 1s supplied to the
filter 72 and the counter 1s incremented. At 372, 1f the filtered
output voltage 74 equals (or exceeds) the Vstart value,
corresponding to the FMCW 14 equaling Fstart 202, the
method proceeds to 374, otherwise the method returns to
370. At 374, an elapsed time (dT) 1s calculated as the counter
value (e.g., number of clock cycles) multiplied by the clock
period. (Tclk). At 376, the boost current (I,.,) 1s calculated
to be equal to the calibration current (I~ ,; ), multiplied by the
clapsed time (dT), divided by the duration of the return
phase (T5.») 300. In various embodiments, the calculation
of the elapsed time and the boost current 1s calculated with
a circuit 1n the digital controller 82. In another embodiment,
the calculation of the elapsed time and the boost current 1s
calculated with software and registers in the digital control-
ler 82. At 378, the charge pump 28 1s reactivated, so that
chirp transmission can subsequently occur.

As will be appreciated, embodiments as disclosed include
at least the following. In one embodiment, a fast chirp Phase
Locked Loop (PLL) with boosted return time comprises a
Voltage Controlled Oscillator (VCO) configured to generate
a Frequency Modulated Continuous Waveform (FMCW).
The VCO 1s responsive to a filtered output voltage of a filter
connected to a charge pump. The charge pump 1s responsive
to a difference between a reference frequency wavelorm and
a divided frequency waveform generated by a Ifrequency
divider configured to divide the FMCW. A digital controller
1s connected to the frequency divider and is configured to
modily the division ratio of the frequency divider to gener-
ate a chirp phase and a return phase. The chirp phase
includes a first linear change of the FMCW from a start
frequency to a stop frequency. The return phase includes a
second linear change of the FMCW from the stop frequency
to the start frequency. A boost circuit 1s connected to the
digital controller and the filter. The boost circuit supplies a
boost current during the return phase. The boost current 1s
proportional to a return slope of the return phase and
inversely proportional to a VCO gain of the VCO.

Alternative embodiments of the fast churp Phase Locked
Loop (PLL) with boosted return time include one of the
following features, or any combination thereof. The boost
current 1s determined by a calibration circuit including a
counter configured to determine a number of clock cycles
clapsed during a change from the stop frequency to the start
frequency by measuring the filtered output voltage, storing
the number of clock cycles 1 the digital controller and
controlling the boost circuit with the digital controller to
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supply the boost current. The boost current 1s determined by
multiplying a calibration current, supplied by the boost
circuit to the filter, by the number of clock cycles, multiplied
by a clock period, and divided by a duration of the return
phase. The boost current 1s determined during a startup
phase of the PLL. The filter 1s a low pass filter comprising
a plurality of filter stages. The boost current 1s distributed to
cach of the plurality of filter stages. The FMCW 1s a
down-chirp wavetorm, wherein the start frequency 1s greater
than the stop frequency. A bandwidth of the PLL is less than
a critical bandwidth required to limit an overshoot of the
start frequency below a threshold, when the boost current 1s
absent.

In another embodiment, a method for boosting a return
time of a fast chirp Phase Locked Loop (PLL) comprises
generating a Frequency Modulated Continuous Wavetorm
(FMCW) with a Voltage Controlled Oscillator (VCO). The
VCO responds to a filtered output voltage. The FMCW 1s
divided with a frequency divider to generate a divided
frequency waveform. A charge pump voltage 1s generated 1n
response to a diflerence between a reference frequency
wavelorm and the divided frequency waveform. The charge
pump voltage 1s filtered with a filter, to generate the filtered
output voltage. A digital controller modifies a division ratio
of the frequency divider to generate a chirp phase and a
return phase. The chirp phase includes a first linear change
of the FMCW from a start frequency to a stop frequency. The
return phase includes a second linear change of the FMCW
from the stop frequency to the start frequency. A boost
circuit supplies a boost current to the filter during the return
phase, wherein the boost current 1s proportional to a return
slope of the return phase and inversely proportional to a
VCO gain of the VCO.

Alternative embodiments of the method for a method for
boosting a return time of a fast chirp Phase Locked Loop
(PLL) include one of the following features, or any combi-
nation thereof. The boost current 1s determined by counting,
with a calibration circuit, a number of clock cycles elapsed
during a change from the stop frequency to the start fre-
quency by measuring the filtered output voltage, storing the
number of clock cycles m the digital controller and control-
ling the boost circuit with the digital controller to supply the
boost current. The boost current 1s determined by multiply-
ing a calibration current, supplied by the boost circuit to the
filter, by the number of clock cycles, multiplied by a clock
period, and divided by a duration of the return phase. The
boost current 1s determined during a startup phase of the
PLL. Filtering the charge pump voltage comprises filtering
with a low pass filter comprising a plurality of {filter stages.
The boost current 1s distributed to each of the plurality of
filter stages. The boost circuit 1s controlled with the digital
controller during the return phase. The bandwidth of the
PLL 1s limited to minimize a phase noise.

In another embodiment, a method for boosting a return
time of a fast chirp Phase Locked Loop (PLL) comprises
generating a Frequency Modulated Continuous Wavetorm
(FMCW) with the PLL. The PLL includes a low pass filter
configured to generate a filtered output voltage by filtering
a charge pump voltage of a charge pump. The charge pump
1s responsive to a difference between a divided FMCW and
a reference Irequency wavetorm. The FMCW includes a
chirp phase and a return phase. The chirp phase includes a
first linear change of the FMCW from a start frequency to a
stop frequency. The return phase includes a second linear
change of the FMCW from the stop frequency to the start
frequency. A boost current 1s supplied to the low pass filter
during the return phase, wherein the boost current com-
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prises: measuring a start voltage from the filtered output
voltage while an FMCW {1requency 1s equal to the start
frequency, setting the FMCW {frequency to the stop fre-
quency, wherein the filtered output voltage equals a stop
voltage, disabling the charge pump, supplying a calibration
current to the low pass filter, and counting a number of clock
cycles elapsed during a change from the stop voltage to the
start voltage, wherein each clock cycle has a clock period,
setting the boost current equal to the calibration current
multiplied by the number of clock cycles, multiplied by the
clock period, and divided by a duration of the return phase,
and enabling the charge pump, and supplying the boost
current during a subsequent return phase.

Alternative embodiments of the method for boosting a
return time of a fast chirp Phase Locked Loop (PLL) include
one of the following features, or any combination thereof.
The boost current 1s determined during a startup phase. The
calibration current 1s supplied to the low pass filter during a
startup phase, and the boost current 1s supplied to the low
pass filter during the return phase. A bandwidth of the PLL
1s less than a critical bandwidth required to limit an over-
shoot of the start frequency below a threshold, when the
boost current 1s absent.

Although the invention 1s described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth 1n the claims below. Accordingly, the
specification and figures are to be regarded 1n an 1llustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present
invention. Any benefits, advantages, or solutions to prob-
lems that are described herein with regard to specific
embodiments are not intended to be construed as a critical,
required, or essential feature or element of any or all the
claims.

Unless stated otherwise, terms such as “first” and “sec-
ond” are used to arbitrarily distinguish between the elements
such terms describe. Thus, these terms are not necessarily
intended to indicate temporal or other prioritization of such
clements.

What 1s claimed 1s:

1. A fast chirp Phase Locked Loop, PLL, with boosted
return time comprising:

a Voltage Controlled Oscillator, VCO, configured to gen-
erate a Frequency Modulated Continuous Wavetform,
FMCW, the VCO responsive to a filtered output voltage
of a filter connected to a charge pump, the charge pump
responsive to a difference between a relference 1Ire-
quency wavelorm and a divided frequency waveform
generated by a frequency divider configured to divide
the FMCW:;

a digital controller connected to the frequency divider and
configured to modify a division ratio of the frequency
divider to generate a chirp phase and a return phase, the
chirp phase including a first linear change of the
FMCW from a start frequency to a stop frequency, and
the return phase including a second linear change of the
FMCW from the stop frequency to the start frequency;
and

a boost circuit connected to the digital controller and the
filter, the boost circuit supplying a boost current during
the return phase, the boost current proportional to a
return slope of the return phase and nversely propor-
tional to a VCO gain of the VCO.

2. The PLL of claiam 1 wherein the boost current i1s

determined by a calibration circuit including a counter
configured to determine a number of clock cycles elapsed
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during a change from the stop frequency to the start fre-
quency by measuring the filtered output voltage, storing the
number of clock cycles 1n the digital controller and control-
ling the boost circuit with the digital controller to supply the
boost current.

3. The PLL of claim 2 wherein the boost current 1s
determined by multiplying a calibration current, supplied by
the boost circuit to the filter, by the number of clock cycles,
multiplied by a clock period, and divided by a duration of the
return phase.

4. The PLL of claim 1 wherein the filter 1s a low pass filter
comprising a plurality of filter stages.

5. The PLL of claam 4 wherein the boost current 1s
distributed to each of the plurality of filter stages.

6. The PLL of claim 1 wherein a bandwidth of the PLL 1s
less than a critical bandwidth required to limit an overshoot
of the start frequency below a threshold, when the boost
current 1s absent.

7. A method for boosting a return time of a fast chirp
Phase Locked Loop, PLL, comprising:

generating a Frequency Modulated Continuous Wave-

form, FMCW, with a Voltage Controlled Oscillator,
VCO, the VCO responding to a filtered output voltage;
dividing the FMCW, with a frequency divider, to generate
a divided frequency waveform;
generating a charge pump voltage 1n response to a dif-
ference between a reference Ifrequency waveform and
the divided frequency waveform:;

filtering the charge pump voltage with a filter, to generate

the filtered output voltage;

moditying, with a digital controller, a division ratio of the

frequency divider to generate a chirp phase and a return
phase, the chirp phase including a first linear change of
the FMCW 1from a start frequency to a stop frequency,
and the return phase including a second linear change
of the FMCW 1from the stop frequency to the start
frequency; and

supplying, with a boost circuit, a boost current to the filter

during the return phase, wherein the boost current is
proportional to a return slope of the return phase and
inversely proportional to a VCO gain of the VCO.

8. The method of claim 7 turther comprising determining,
the boost current by counting, with a calibration circuit, a
number of clock cycles elapsed during a change from the
stop frequency to the start frequency by measuring the
filtered output voltage, storing the number of clock cycles 1n
the digital controller and controlling the boost circuit with
the digital controller to supply the boost current.

9. The method of claim 8 turther comprising determining,
the boost current by multiplying a calibration current, sup-
plied by the boost circuit to the filter, by the number of clock
cycles, multiplied by a clock period, and divided by a
duration of the return phase.

10. The method of claim 7 wherein filtering the charge
pump voltage comprises filtering with a low pass filter
comprising a plurality of filter stages.

11. The method of claim 10 further comprising distribut-
ing the boost current to each of the plurality of filter stages.

12. A method for boosting a return time of a fast chirp
Phase Locked Loop, PLL, comprising:

generating a Frequency Modulated Continuous Wave-

form, FMCW, with the PLL, the PLL including a low
pass lilter configured to generate a filtered output
voltage by filtering a charge pump voltage of a charge
pump, the charge pump responsive to a difference
between a divided FMCW and a reference frequency
wavelorm, the FMCW including a chirp phase and a




US 11,131,762 B2

9

return phase, the chirp phase including a first linear
change of the FMCW from a start frequency to a stop
frequency, and the return phase including a second
linear change of the FMCW from the stop frequency to
the start frequency; and

supplying a boost current to the low pass filter during the
return phase, wherein determining the boost current
COMprises:

measuring a start voltage from the filtered output voltage
while an FMCW f1frequency 1s equal to the start fre-
quency,

setting the FMCW {frequency to the stop frequency,
wherein the filtered output voltage equals a stop volt-
age,

disabling the charge pump, supplying a calibration current
to the low pass filter, and counting a number of clock
cycles elapsed during a change from the stop voltage to
the start voltage, wherein each clock cycle has a clock
period,

setting the boost current equal to the calibration current
multiplied by the number of clock cycles, multiplied by

the clock period, and divided by a duration of the return
phase, and
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enabling the charge pump, and supplying the boost cur-
rent during a subsequent return phase.

13. The method of claim 12 further comprising supplying

the calibration current to the low pass filter during a startup

phase, and supplying the boost current to the low pass filter
during the return phase.

14. The method of claim 12 wherein a bandwidth of the
PLL 1s less than a critical bandwidth required to limit an

overshoot of the start frequency below a threshold, when the
boost current 1s absent.

15. The method of claim 12, wherein filtering the charge
pump voltage comprises filtering with the low pass filter
comprising a plurality of filter stages.

16. The method of claim 15, further comprising distrib-
uting the boost current to each of the plurality of filter stages.

17. The method of claim 12, wherein the divided FMCW
1s generated by a frequency divider.

18. The method of claim 17, further comprising modify-
ing, by way of a digital controller, a division ratio of the
frequency divider to generate the chirp phase.

19. The method of claim 18, wherein modifying, by way
of the digital controller, the division ratio of the frequency
divider further comprises generating the return phase.
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